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m^M 1 1 

±|S5 1 V >M«m«#iil±^ (111) -^«#*§H^H«<7) (111) 

±|Bi 1 (Oai^B^a V ><bil«m*W/»(±. [110] ^:^^nl7\^^'^'i^mm^^B<7) [ 1 1 
^ '^^^ 4 ] 

±|B^ 1 (DiLlj^n XbSl^m^Sf^^Sti^ (111) (111) 

(Ill) I^HM^Mffifc-t^ (111) m^B^#^■C'v^;2> 

ii»*Ta 6 1 

±iB§§7fciii±. m 1 <^±^M>') y'^tnm^^^mimco [i i o] Ma^H^isji^ [-211 

0] |§H^H^f6]7)s^¥tft;@Bl6]-r^^^ ^i-^ (0 0 0 1 ) Bt*:«l^^ 
^ 7 ^ 

±|bS2C0jZ:^h^hV l&^Ji<7) [-2 110] I^H^^I^l^ [1 1 

^±SS2l52:*H^HV ^-fbifl^^^^^^ti^ ^^»<7> (0 0 0 1) ^^mmt(D^-^m 

(Ill) ^M=^^H^H®i:i-^ (111) mH^H^^^-ev>^. ff^:S6^>ep 8<7) 

±|Bi 2 05i^h^hV ^OTS^.^S'f^^illi^ 75»^iife^t^v3s*nL-Cv>*v^T:^ K--/ 
[ft^RjM 111 

±|BII l^Zfm2 C03L^H^H V >"fMl*m^«#« tt> ^yat:-<7)^'ili^te/5^^ 2 . 8 ^ V 
h n > h ( e V) JiJ>±t-zb ^ . It^Tl 1 1 0 <DipSM-\<^Umco V >"fOT*^^S 
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[0002] , ^ 

nMt/cl±pMc0V :-'fb?W (BP) m^^^f^JSJi. ^^^^ ^- K (LE 

su-^-ji. (s i) &m±i<^mffz. (s i) ^«icr^;onL/inMBPJi 

±rML7ta^bT;^< --^A • A (AlGaN) ji=£rfiJfflL-rWfeLED^^1ij^ 

$:fLTv^^o t/to -r^'^^i^^A (Mg) =^ K-e:-^-L/>=pMBPSti3>^^^ hSt 

L-cLED*Mi-;2>(7)izfijffi$:fxt:v^;g, (#Bi^:icK 1 [0023] #M) o 
1 1 #W¥ 5-283744 -^^grUi 

iiBo$q<^ AixGavi ni-x-YN (o^x^i, o^Y^i) moiiimm^tm^m 

il)§=^2 O^V^^ hn>.i^-;v h (eV) hi"^ U (Mx{i\#lt«2# 
HS) t^oT ^^vws-> K^>■y7l'•41t^>i-^Wfe^O|§7fe=^M-r^JlfB<75LED^#J?Ki- 
I<7>iIP^L F (c 1 ad) S^t L-CtiflJffl$a-r\ ^)oi±°e. IimS'fbW 
S#:®^;?5c:g$-i^'5>/c«?)<^TAfeJit L-CflJffl^tLTV^^ 1 [0013] 

#HS) o 

I#lt«2 1 2-288388 -^<2rm 

[0 0 0 4] 

TMi: LTV XM*®^, fax.(j\ « (Si) ^i^h^h (vu^:^) mm^^^f^ 

M^li^m^^ iv^^t mu p> ii-c V- ^ o f iJ X. fi\ ±ia#ft:^iit i <7^^x^ [0025] t 
ti, vu^xT) (100) *^-Ki§H^HM±i't±^ (10 0) ^) yimmm^^ML. ^(d ( 

10 0) U >"fM*ii<7) (10 0) |§H^H*®i;i4s 3z::^b^h<7)|§hHb#^OA 1 G a I nNJi 
7!)^^^-r^t^fiX\^^&o '>Vr3>(7) (111) ^«^MJit^(ix (111) 'J 

><biB*Ji^^'^ftL. '^<^ (111) V yimmm<^ (111) i^i^^B<^ 

^H^g^itcOA 1 G a I nNS^^'^ft-r^ t ^tLXV^^o 
[0 0 0 51 

-?-LT. |§7feli^-^<75M>&^'«9#$:J^-CV>^:i:^HSH<7)A 1 G a I nN{±. y^::^^«^t<7) 

m [0 0 0 2] #Bs) > ^u^B^^^BmikM'Diimmim^m^'^i^^n^ ^^lx^j^ 
mm tir^h mm\ 

i^x^ ±MLfz2:^i<z. v-vn^o (1 1 1) ^^bWJkt) (111) vyimm 
m^^Bmmi<z. ^^Bm^-^'^^^^^^^y^mmt^BmM<DA 1 g a i n^m^^^^^^ 

^ ^ (#w^:^m 1 <Dmm [0 0 2 5] #M) o 
-/St)*>JLL/-«\ (111) -yv=^y^^tLxmm.^f^')>'itmm^^mm 
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^ ^ t ^ > t 70^' o -r ift |§7fc5^J« =^ ^js $ -i^ s - ^^'-e i s v > 'fbia^^^S 

[0 0 0 9] 

[0010] ^ , 

[0 0 1 1 1 ^ , 

^'fbiMm^S^^ti^ [110] itH^H:^isi7:'^^^«^ISH^H<^ [110] |gH^a:^[fi]i'¥^Tt^ 

1 ct^^^h^bU >"ft:iB*m*S#»t±> (111) -SWISh^h*«<^ (111) ItB^aOT 
^(7)^f^MJtt;. (1 1 1) B^Hm^JX^Bm t-t^ (1 1 1) Ci^:* 

[0014] 

±.$mitmii. m 1 <D^LUMiV [110] ^^bIoi^^^ [-2110 

] i^^Bijm^w<<^m\^-t& ttii'^z^ (0 0 0 1 ) m^BM^^mt^z,. ^t^mmt 

[0 0 151 

7) ^7 0^B^l±. ±iaL/cl) Tl75-e>6) Tl(7?'fpm/5nc|a«(75§|B^<0«i::tinx.T. 

[0 0 161 _ , 

>"fW«m^S#ii{4. II^B'T) [-2 110] [110] ^^Mi1v\^ij'm-T^^ 

[00171 . , 

9) ^9<7)%Bj{4^ ±faL7t6) Ti/^i^i^s) Jlo{^I^^75^^c|a<^<7>||BJoltj5S;^~1]^x.T. 

JL|B^2c7)5L^H^B';VOT*.^.^^#/ii±. (0 0 0 1 ) I^H^HMtco^^W 

(Ill) |§.%W=^3SlB^Hmi:-t-* (111) Ch^#mtLTV> 

/o)^ii oo^5^{i. ±iBL/i6) m-h9) JM(^i^^'^-^'^-tm<D^m<DmmzMk. 
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1 1 )° i 1 \ (Dmm^i. ±mLfz 1 ) j^7^)^ hi 0) ii(DMtL75-mB«o%0^o«^iitin 
/ 2 )° ^ 1 2 ±iB Lfc 1 ) jmtJ)- 1 1 ) jmi^i-^^'^-tm<D^m<Dmm^-m 

[0 0 2 2 ] _^ ^ 

1 4) 111 4(75||Hg(±. ±|BL/il) 1 D Jl<75'fRltL^^t3fB«0|&BJ0Mlcj]n 

[0 0 2 3 ] 
[0 0 2 4] 

^^jt^^mm- ^ ^ ^ ^*JS ^ - -E-o^^)s±t3f5:tt ^xfc, jx^B^^ts^m 2 o3l:^h^b 
imm^^mim t x u > imm^^^mit^itmi' ^ «it 1- ^ ^ ^ l o -r 4> ^ . 

niiZLfz(DX. W.1jm(D^=^^:^'^y^'^mmir^^ti)^x^. ^(D^I^^ t.-^ y 

^nntz(Dx\ ^:^^u'm^mfii-z^itm^+ii^-^^mmxifmiri>::.t:^^xu^o l/c/^^^-pt 
{mn 4- ^ife-t" ^ tz i6 <^*^(7)f^tg] 

[0 0 2 6 ] 

iiB^M^i^';>-M«m«#tJ±^ w (B) (p) t^m^7tmtL.x 

^tf, f!lx.ifBaAWGay Ini-.-^s-rPi-^As^ (0<a^U 0^y3<l. 

0^7<1, 0<« + )5 + r^l> 0^5<1) -e*l9> tfzB a K \ p G Ini-« 
-fl-rPi-sN* (0<«^K 0^/?<l, 0^y<U 0 <« + /? + r ^ 1 ^ 0^5 

< 1 ) tr^ «9 , i y (BP) . U • :^/- U ^ A • ^ > A ( 
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l^BFi-s l^s : 0^S<1) ^mit'}yimm (M^B„ Pi-^ As^) ^(OU^ 
<D V mitm ^ # tf Mh^h ^ ^ o 
[0 0 2 81 

TJV^^-^A (Al) , if')^^ (Ga) ^O^IimTG*^. V > (P) ^« (A 

s) ^o^v^^7^«^^'^«^^^^^I-vm'^b'^^^¥S^*^^i^ 2::^H°HPg^l&i£M (sp 

h a r e 1 i t e) ttzli^^^a^^^y^i-M (W u r t z i t e ) <50'fRl;jX7i>^(7)|SHSHiy ir^: ^> 
mm 5 te)HX«^l:^J . BBfD 4 8 ^ 2 ^ 2 5 B . (*) l9#*J£l&tr. 6 2 2 0 K 

B^Hr^Si&iAM^Sf^MB^H^'ti. (valence band) m^mmLX\.^^ 

[0 0 2 9] ^ 

^^mxh^v4^^yym^m^m<om.m^m^u^^^^-^^'^^^-^^o (s o ^ 

C2H5) sB) h^i^^7^> (^^^:PH3) ^fflv^TMOC VD^T'5^^i-ao 

^Ml 1 1) ^{4*=feo-CV^T'^). iHJx-fJ, (10 0) ^V^ti (1 1 0) t?*o-C^>. ^ 
J' (1 1 1) m^nmiim%\^Xi-j:^ (1 1 1) V^^M«^.^»#®^^~#''^^^1'<''^<« 
ia]^^-$>;g>o L;?>^L. mJii^^h. (Ill) ^WItH^H^*«^L-CflJISi-^^i^\ V/III 
ibWM-e^oT^ (111) ^)yimm^^M\m^m.9^^^^^^i^^^^^^o ilt-o 

X ifmnx^t. mrn^ d i d ^^^umtir^b (i 1 1) trfij^ 
i-io (111) mmm^B<Dii:mmit. mi<Di^mmt-r^o m^. mitm^mmmn 

iml\i \ 1) m^nmti-^ (111) mmM-^^^^^^tLxmrn-tm^i. i&v^v 

/iiiJt^-e^>. (1 1 1) V yimm^^^M^-m^J^^X'^^fzisb. m^i^ry v-y 

X pm<DB F m^ffm-r ^ <^^^mii:tfj: z o ^ax«\ moc vd-sj^c^ox. v/imb 

^ (PHs/ (C2H5) 3B«|&?*J^J:b*) ^ 1 0-5 0 tiM^LT^. 1 0 0 0°C~1 

2 0 QV(Dumx\ pM (1 1 1) V >"fbis*m^^#e=^ffi^i-^ft"^'^*° ^m^^k 
^xfYXiimm^M^x. m^Mm^m^^Kmm-titif. hid mmm^^Bmm± 

t'^ihwil'M^T)^^^ (111) 1; >'fMfl*m^S#®*?F^^'f^^^o ^:SitKt4. te^2 
J^i-;2,S#coWt;35lB^H (twi n) - t t^^^"^' ^ 

(=it^^5cm= 5 4 3 0 9 A) i '>> (i#i^«= 4 . 5 3 8 3 A) t om^mm 

izit^ ^^2 0 nin<0«aSE-^^*^5X 1 0" cm-^OM^SX-MH^^^^*^-^^^^ 
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[0 0 3 3] 

Bi,i±. ^-i^MimM^^m^) ymm^^mit-m<D hid i^^Bm^TXM^mt-r^i^fT^x 
^^^cDi^mt Lv^o (111) ^x^B^t. (Ill) mmM-^^B^^t >; >''ftww«# 

111) jx^B(Dmmt. mi^mm^nm^nm^m.^.^^m^ir^^it^-h^fi^o 

[0 0 3 41 _ , , , 

(1 1 1) ?iH^H*ii^fe$-*^-^-^\ itH°Hi4=^r6]±$-^/ci2;«^±^i|igo (1 11) 
^y^'-r^mmmtvxmm^^^ti)^x^^o #iig?a-r^os-iiimte^2. s^v^ 

(eV) atL<i43. 5 e V^Ji ti-^ V >^bifl«m«'f^iSi±^?^ L 

<^ijffl-ei;2.o fOx.{f^^-7 FJiti. ^ia-ecT)^^ u T?feJK^ 1 x i o c m-H:J,±.t l 

. i&^m^ 5 X 1 o-'n • cmiiiTt-r^mmfDv yimm^^m^m^-hum.Km'm 

m) m_hX'5 0 0 0 nmiikTtir^<D:dm-t&o 
[ 0 0 3 5] 

tfz. (Ill) mmm^H^Bmujzi.zf^mLfz. d 1 1) v 

li^^=tr^i-^o (111) Mh^hM^-T^ V V'fkiWm^SM-tt'^^ 

(0 0 0 1 ) m^liM'it^^') A • ^ >'v'>A (|i.j5X5tG ax I m-xN : 0 

^^^^cti^^x^:ho (1 1 1) ymm^^mi^m<7) [i i o] fg^H:^i6]i^> &'m 

^=F<Dam ([-2110] ^IS]) =^TOtCl5|B]L/iG ax I m-xN (O^X^ 1 ) 
^^e^«1-;5.cotiM-C~*^o ^^v'^AffijS (-1-X) ^ffiiai-^W^ffl (P 
ha s e) ^^tr#ffiMcoG ax I ni-xNm^^hmJt^iriUt. J: i'j ^ U > 

'ftiI^^4^*#l&^*^^5F^^'^ ^ <^ <h ^ -2) o 

[0 0 3 6] 

tfc. ^1 mm Jim m) <d^l1j^h') yimm^^^mi^m^^hm2 {^ytm±mm) 
^> e. -r^^ff ^fm^ t^x i s o X. 1 <7) V > 'ffciH«m###)i 

y ym-^'M.mt. mm'^'^^\^^'^^^*''^ 5 x i o'^ c m-H:xjit:-2 x 1 o^" c m 
-^]:xTx%h(D'bm-t^. m2(DV yimm^^mimm<Dmitmmmx<Dv y<Dmi^m 

V yh.^<Dmm^^''i^ 2^^:t>K»^=w (SIMS) mxnfm't^^t-f)^x^ 

-?) o 

[0 0 3 7] 

±fEcO»^. Sfifn]||^^;ti-'5>'^J^^^i£^SH^HSnima'fbJr^4^*#«<^ (0 0 0 1 ) $t 
^umii ^(D±m>'^ (111) SI^^h^hV :^'fOT*m#*<^©*M't*<^t-*^^-'f^ffi'^ 

;2.o (0 0 0 1) iimmim^mimx^fiif. i5flx.«\ m^^^ (o 0 0 d g aNn 

-e^tLff. "double positioning" ^^^4>o-r (P. HIRSCmtil^. TELECTRON MICROSCO 
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PY OF THIN CRYSTAL] . Krieger Pub. Com. ( 1 9 7 7 , U. S. A. ) , 3 0 6 H#PS) . ( 

111) ^) yimmm^mm-ff^^^^^^^^^^'^^^^ [-2110] i 

110] l§H^H^[fi]*¥tTi:-t^ (111) V >OT*^^«#^«^^^^^^^^^'< ^-7'^ 
[0 0 3 81 

(0 0 0 1 ) iimMitm^mim<^mmf<^. d 1 d v 
^^;h<D^zmL. m^mm^z (111) ^JiH^a^^t^^ (111 

) U ^-M^.W^^^^W^^^W^^'^^o »'g-«i::M*ff^^-t-a<^l^ti> (111) > 

^m^^^m^m<Dm^mm^^Mm^^^o (111) :^«Mh^h»«jii; d 1 d v 

[0 0 3 9] 

(0 0 0 1 ) iima<k%^*#)s±t-i^tt/i> ^itM'^^^'fe (ill) V 

^^,^,^|$:Jl{i, i^yyVm. ^.jf t « n > ^ ^' h if L TfUffii" * C § ^ o f !l 

£ if V^jh^ipi^^-*^ 5 e V * . f§7fcco3tili4*?t#vi- ^ t:: W i: ^ S ^ ^ 

^ ^ y ic- _ 7°<75 v > ^bf fl*m^*#is ^ F - ii° > L /c^i^Ji^ <7)4£tk \zm^ mm (o 

Z>o nM'J >"fMl«»S#;iti-^v^-t:«. (Au • Ge) ^^^-^^h 

(Z n) (Au) • -^V U -^A (Be) ^V^l±->7^^v (N i ) ^^/i)^?^ 

^M-r-sp^^t'ii. ^] yiYMm%^mim'^^m\zmm\^m.'o . i5!ix.«s^2 o;.m 

(1 1 l)^M##IS.^H«±»^Lfc (111) (BP) (Ill 

) B p;i±t-5f^)3£t/c (0 0 0 1 ) M-fb*^^^; • ^ >v'>i.§§7fcii^=^«;t^^'>' ^'ftifl 
L E D ^ mf^-t ^ ^ m k\^x ^mm ^ Mm ii^mm -r ^ o 

iJl iii4B^ti#^^^7';v^r-n (DH) m^mM<DLEDiifm-r ^fzi^f>^mL 

tzmmmiti^(^MmmM^M^mK^^-rmx^^o mtcisv^-c, mmm^i^-i iuled 

^-yy''10ii'?U-r^fzi6(Di,(DX^^. ^0|iii1t^#l 1 ')yV-y°nm (11 
1) ^* (S i) #l§H^a»«l 0 iJi^::. T>F--7°-t:-nM(7) (1 1 1) V yitmm^^^ 
;^^-jr^|5^^ Fill 0 2. nM (0 0 0 1 ) M'fb:*"'V'>A • 4y~J^-^ (Gao.9o I 

0 loKf) #^jsh (0 0 0 1) M^t^^v ^Mmmt^ smm^Mm^^f^^MMi^^R 

m^<D^itm 1 0 3 . ^ J; i>'T > K- -/-e p Mco ( 1 1 1 ) V yimm^^ ht^^^M^^-y 
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y FJS 1 0 4 M^^it^LT^f^^L/io 
[0 0 4 4] 

•^r ^ K- (1 1 1 ) V yimmm (TSI?^ ^ -y FH l O 2 ) . ®.0^"T :^ F-7" 

CO p a ( 1 1 1) V >4bffl*Ji (-hii^^ 7 -7 Fit 1 0 4 ) \t. y y ^f-;via« (^i^^ : 
(C.H5) 3B) ^mm (B) mtv. ^^7.y^y {^^^: phs) =irv >Mt-rs'%-]± 

m-X%m «^«^ffi^ti°^^v- (MOVPE) #^^flJfflL-C?r^JtL/co nS 

111) ymmm (rtr.^ 9 Fis 1 0 2 ) (±925 °c^\ p m (111) v ^'fbiB 

*P (JifB^7-> FJil 04) (±1 0 2 5°C^«Lyio ll^fcil 1 0 3 {i. hVp^^^V:*' 
C^^^: (CHs) sOa) /NH3/'H2;aSm#ffiMOCVD#^t3j:^. 8 0 

^^mM'^^m'KDm (phase) 7^>^P>M$:IX^^^B«^^^^Wt. ^coTOfi*)^ 
^ >v>>/^ffi)^i±0. 10 C= 1 0%) t:-^o5to #P®<7)ii)¥l±5 nm. PMil<7)®i? 
1 0 nmi: LfCo 

(111)^ 1 0 1 (Dm.m±-\^. Tgp^' 7 -7 F/S 1 0 2 ^^-r (1 1 1) 

0 nmCoiffi;3ti-^^> IWi^MJ^T-]S*$-^ir^^m. ^MK^tt^ 2 0 n m lijlti!'^^ 
iir-C ^{$:(7)®ff7{)^^6 0 0 n ml33ii-i>a£. ^:R=S:«^LfCo (0 0 0 1) Iim 

^i\:M^m^^i,^htj:^^itm 1 0 3_t^i> _hfi5^9-7 FJi 1 0 4 ^1^^^^ ^n'nmm(D 

0 nmfcL. JiJ^I^. 2 0nm«:&n$«^)¥^ 2 0 0 nmWpa 
9 Klf 1 0 4 ^J^:g$it/co i&v-EftiiE (#53-1 0 nm) 'X:]tL^^^tz^^(D 
mM^i2 5 nmi: Lfzo 

tIp?^^ FJI 1 0 2 ^^i-T^' F--7°OnM (1 1 1) V >fM«Jl^^^'>' ^ (jE 
7L) 7Mt±6 X 1 0^' cm-^-^-^^. t/i, ^taT:^<7)f«^t± 8 X 1 O'^n • cmtrt)o 

t/' Fill 04^'fei-T>F-7'opM (1 1 1) ')yimmm(D^^ 

VT (lEk) ) «{±2 X 1 0^^ cm-^T-^l'K ^ /cm?a-e<^*£i^*ti 5 X 1 0 fl • c 
[0 0 4 7] 

IS*lf^ (n) Wm^mt (k) (=n • k) 0 2j§{il (=2 • n • k) <Dit=?- 

^^.)v^^m^m-h^^fzm.u.x-<omitmm. Tfis^^-y f«i o 2=sr=&-rnM d 

11) ij >M*iSi:ov^T3 . leV-t'^ofCo t /t. Jif|5^-7 -7 F)i 1 0 4 ^^i-p 

w (111) V >^biB*iirov^T4. 2ev-e^ofco i>m') yi\Mmii^h 

Zh±.m^^v Kis 1 0 4(4. n^ii 1 Q zi)-h(o^it^^vm-^m.m-f^fz^<DmM^m 

(111)^ L^«H^H»« 1 0 1 i:Tt!5^ 7 -y FJI 1 0 2 nM ( 1 1 1 

) V >'jbifl*Ji<7?l*lfl5ffiit (Ml 0 1 h(7)^t^^M75-^J?$ 5 0 nmK^Z. nS'J 
j||^,s<;)|fj^) ;0^P,t#t;!-L/ctlJ|5am»«»lnlfif (SAD) ftl^ii. ^^tC5^Hi-^Mt 

tiiif^*°J hTSsttsj^L/co M#isi^^.'S:7&^ ti 1 il m^:^-^^'y v<D^m\z.. ii i i 
(Ill) ^H^H-e^^ ii^&^^^^nfco 

[0 0 4 9] 

^ /c, (0 0 0 1 ) Iima'fb^^S^II^Ji 1 0 3 JiS15^^ ^ FJS 1 0 4 ^: (D^^ 

m.m(Dv>M (111) V yim%m<^nmm {^nw^^F^m^^^^itm lo^tco^ 
^wmi)^hW-^ 2 5 nmi^s;5, psv yimmm^^numM) i)-hnhirfzmmmm^ 
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milltJf (SAD) ftl^^>s (111) 73lH^at::^H-r^^'^ISI*ifX*°-y V^mnbhfifz. IP 
'fiir^xco^'^«t::^i (111) M^^^fe'^'lMS^tL/co 

-^fi^^lMTEMiS-&^\ Jifacot#^«o^§i^ft^mftur. (Ill) 

m^^nmLfZo (111) S«#S.««1 0 1 hnMTfP^^-^ miO 2t<D^^^ 
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